Abstract: Five substituted 2-benzoylamino-2-methyl-thiopropanamides have been prepared and their ring-closure reaction studied in basic and strongly acid media. In bases the ring closure takes place at the terminal nitrogen atom of thioamide group to give the corresponding 5,5-dimethyl-5-phenylimidazoline-4-thiones, while in strongly acid medium the reaction involves the sulphur atom to give the substituted 4,4-dimethyI-2-phenylthiazolin-5-ones. The 5,5-dimethyl-5-phenylimidazoline-4-thiones are stable in both acid and base media. The 4,4-dimethyl-2-phenylthiazolin-5-ones undergo hydrolysis to 2-methyl-2-thiobenzoylamino-propionic acids. The mechanism of ring closure in basic medium has been studied in detail: its rate-limiting step is the decomposition of tetrahedral intermediate.
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The corresponding 2-benzoylamino-2-methyl-thiopropanamide la-f (1.65 mmol) was added to a mixture of phosphorus(V) oxide (6.7 g) and phosphoric acid (10 mL; 85%) at room temperature. After 21-day stirring at room temperature, the reaction mixture was poured onto ice (50 g) and the separated crystals were collected, washed with water, and dried. The products 3a-f were purified by flash-chromatography (silica gel/chloroform) ( Tables 1-3) .
2-Methyl-2-thiobenzoylamino-propionic acids 4b and 4f
5.5-Dimethyl-2-(4-nitrophenyl)thiazolin-4-one 3b or 5,5-dimethyl-2-(4-dimethylaminophenyl)thiazolin-4-one 3f (150 mg; 0.6 mmol) was suspended in aqueous methanol (12 mL; 50%) and treated with an aqueous solution of sodium hydroxide (1 mL; 2 mol L" 1 ). After 24 h stirring at room temperature, the obtained clear solution was acidified with aqueous hydrochloric acid (2.1 mL; 1 mol L~') to pH ~ 3 and cooled to -5 °C. The crystals of 4b and 4f formed (Tables   1-3) were collected by suction, washed with cold water, and dried. was injected and the absorbance was measured at a selected wavelength.
Results and Discussion
We found out that the 2-benzoyIamino-2-methyI-thiopropanamides la-f undergo ring closure in aqueous methanol with base catalysis (NaOH) to give the corresponding substituted 5,5-dimethyl-2-phenylimidazolin-4-thiones 2a-f. The reactions are finished within 4 h at room temperature.
The cyclisation reaction of 2-benzoyIamino-2-methyl-thiopropanamides la-f was studied in detail using aqueous solutions of sodium hydroxide in the concentration range of 0.01 -1.0 moI-L"'. The cyclisation rate has been found to depend nonlinearly on the concentration of the base used, i.e. sodium hydroxide, which applies to various substituents at the benzene ring of the starting thioamides. The following Scheme 2 can be suggested for the said ring closure. In the sodium hydroxide solutions used, a fast pre-equilibrium deprotonation takes place first: a proton is split off from both the nitrogen atom adjacent to benzene ring (the so-called blind alley, K\) and the terminal nitrogen (CSNH 2 group). The nucleophilic terminal anion formed in the latter case attacks the carbonyl group of the benzoyl moiety to give a tetrahedral intermediate In,, which undergoes a proton transfer from nitrogen to oxygen (In, In 2 )
and then splits off hydroxy! anion to produce 5,5-dimethyl -2-phenyl-imidazolin-4-thiones 2a-f. characteristic of reactions with a fast pre-equilibrium followed by the rate-limiting step. For k obs we can suggest Eq. 1, which contains three parameters i.e. cyclisation rate constant k c , equilibrium constant K, and K 2 . This three-parameter equation is not suitable for determination of the values of individual parameters. Therefore, the following simplification had to be done. In the compounds of -(C=S)-NH-R type the proton at nitrogen is much more acidic than that in the -(C=0)-NH-R type. For instance, the pK, value of 4-nitrophenylthiourea is four orders of magnitude lower than that of 4-nitrophenylurea (4) and ρ Κ, value of thioacetanilide is 2.5 orders lower than that of acetanilide (5). This can be expressed by K 2 » K u and Eq. 1 can be modified to Eq. 2. Table 4 . Dependence of iobs (s ') of cyclisation of derivatives la-f on NaOH concentration (mol-L"').
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The value of constant K2 (Table 5 ) depends only little on substitution, and amounts to about 10 L-mol"'. From the K2
values it is possible to calculate (using equation ρ Κ, = ρ K" + ρΑΓ2) also the ρ Κ, of la-f, which varies from 12.8 to 13.2.
The used autoprotolysis constant value of water at 25 °C is p/Cw(H20) = 14.00.
The values of optimised cyclisation rate constant kt (Table 5) 
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the substituent change does not alter very much, and we therefore conclude that decomposition of In 2 is rate limiting.
The proposed rate-limiting step involves expulsion of hydroxide ion, and the substituents "see" an overall low buildup of negative charge comprising electron buildup in the formation of In 2 and electron withdrawal in its decomposition.
For p c we can suggest following equation: p c = p 3 + p 4 -p_ 3 (p T has a negligible value) and for k^ = KyK T k 4 .
Moreover, we have found that in anhydrous strong acid medium 2-benzoylamino-2-methyl-thiopropanamides la-f undergo ring closure through their sulphur atom. A similar reaction was described earlier with thioureide esters (8), selenoureide esters (9) and 2-benzoylaminothiobenzamides (10). This finding can be interpreted by the SH group being a stronger nucleophile in acid medium than the nitrogen of thioamide group, the opposite being true in basic media.
Furthermore it was found out that the produced 4,4-dimethyl-2-phenylthiazolin-5-ones 3a-f easily undergo hydrolysis both in acid and base media. This solvolysis was observed already during the isolation of the cyclisation product from strongly acid media, when in some cases a mixture of cyclisate 3a-f and hydrolysis product (the corresponding 2-methyl-2-thiobenzoylamino-propionic acid) was obtained (Scheme 3).
The base-catalysed hydrolysis of derivatives 3b and 3f was carried out on preparative scale in 0.2 Μ NaOH in 50% aqueous methanol. After the reaction was finished, the mixture was acidified to pH -3-4, and yellow crystalline products 4b and 4f were isolated (Tables 1-3 ). The structure of both compounds was confirmed by 'H and l3 C NMR, and the position of C=S or C=0 group (signals at 195 and 173 ppm, respectively) by means of the 'H-13 C correlated two-dimensional spectrum measured by gs HMBC technique.
